A new model has been proposed for the possible high resistance resistive switching in polar betaPolyvinylidene fluoride (β-PVDF) and graphene oxide (GO) composite. The device achieved the pre-requisite criteria of high resistance resistive switching in the range of 10-100 µA current without electroforming. 
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Introduction:
Silicon based memory devices have still dominance in memory technology world due to natural integration with complementary metal-oxide semiconductor (CMOS) technology, easy to fabricate over large area, and economically viable to meet the requirements for mass production.
[1,2] However with development of advance growth and fabrication technologies, till now it is possible to realize the 'Moore's Law' i.e. doubling of circuit density after 24 months. Future technology nodes i.e. less than 14 nm node technology, a novel material or process is required to meet the criteria of further downscaling in size to maintain the 'Moore's Law' for the CMOS technology with better solution of the tunneling effect and large heat dissipation due to size reduction. [3] Among the existing nonvolatile random access memories (NVRAM) such as phase-change random access memory (PRAM) [4] , ferroelectric RAM (FERAM) [5] , magnetoresistive RAM (MRAM) [6] , and resistance random access memory (RRAM) [7, 8, 9, 10] , and memristors [11] , RRAM has bright future for possible next generation non volatile memory (NVRAM) due to nano-second write and read process, high charge retention and endurance, and high ON/OFF current ratio for various logic states. However RRAM has major drawbacks that mostly it works in high current regions whereas ideally it should work in the current region down 10-100 µA regions. [12] PVDF polymer and its composite with GO are of special interest due to possible high resistive states, nonlinear polarization, and tunable breakdown electric (E)-field depending on the GO compositions. [13, 14] Four different semicrystalline phases of PVDF, such as α-, β-, γ-and δ-phase exist in nature, among them nonpolar α-phase is most stable. [15] The polar β-PVDF has shown great technological interest where H and F atoms attached in opposite directions with the main carbon chain which develops a net dipole moment. β-PVDF is a semi-crystalline polymer that possesses high piezoelectric properties, good elasticity strength and easiness to film processing. [16] The polar β-PVDF changes their shape under applications of external electric field. The polar β-PVDF and its copolymers are one of the potential flexible polymer ferroelectric useful for FERAM, electro-caloric and flexo-electric applications. [17] Chang et al.
demonstrated the resistive switching effect in ferroelectric BaTiO 3 and GO multilayer structure and found improved ON/OFF ratio of an order of 10 3 compared to basic BaTiO 3 . [18] Poly (N-Vinylecabazole)-GO composites have considered as the first report on polymer-GO based resistive switching with high ON/OFF resistance ratio, excellent retention, and bipolar resistive switching, similar effect was observed for the triphenylamine-based polyazomethine-GO composite. [19, 20] The basic mechanism behind the resistive switching in above mentioned polymer composites are explained on the basis of electron transfer between GO and polymer, which in turns reduce GO under application of external applied electric field.
Fullerenes, carbon nanotubes, reduced graphene oxide and graphene-based systems have been showing exceptionally good resistive switching in cross-bar metal-insulator-metal (MIM) configuration, suggesting future materials for nonvolatile and tunable RRAM devices. [21, 22, 23] Graphene oxide (GO) thin films and conjugated-polymer functionalized GO films have shown robust and reproducible resistive switching. Their band-structure and electronic configurations can be easily modulated by changing the chemical functionalities attached to the surface. We report a novel idea for resistive switching mechanism where basic matrix is flexible piezoelectric polymer whose dimension can be modified under application of external E-field.
We will discuss filament-free current switching from one low current state to another nearby current state, however their ratio is significantly high which meet the criteria of next generation RRAM. We have critically evaluated the possible different types of conduction mechanisms involved in β-PVDF-GO composite and their theoretical fitting with the physical constants. None of them verified the ohmic behavior near the SET and RESET E-fields required for resistive switching. A model has been proposed for the oxygen migration under the external and internal (in-built) E-fields supported resistive switching.
Experimental Details:
PVDF powder was procured from Alfa Aesar India Pvt. Ltd. and Graphene Oxide was PVDF-GO composite solution is then again magnetic stirred for 14 hrs. Ultra-sonication is done for almost 5 hrs for homogenous mixing of GO network in the PVDF solution, later sonicated solution was filtered using the 0.5 microns filter for spin casting.
The device was fabricated on ITO coated glass substrate; latter was first cleaned by acetone than by IPA with further ultra sonication in acetone to remove any contamination on the 
Results and Discussion:
A schematic diagram of device having Al/ β-PVDF-GO/ITO heterostructure has shown in Fig. 1 (a) . Top metal (Al) electrode with large area ~ 0.0004 cm 2 and almost similar distance between two electrodes was deposited by thermal evaporation technique. Various E-fields were applied from the top Al-gate to check the current response and resistive switching. The currentvoltage (I-V) behavior of one of the device has illustrated in Fig. 1 (b) . For the first measurement cycle, the device switches at 3.6 eV with further increase in SET E-field in next cycle which reaches upto 4.1 eV. This device gave a window of SET E-field of ~ 0.5 V as shown in Fig. 1 (b). Negative E-field was applied to RESET the device from low resistance state (LRS) to high resistance state (HRS). In the first I-V cycle, system shows RESET from LRS to HRS during the positive reverse bias E-field which may consider as discontinuities in the conduction path while decreasing the E-field form high to low potential. However after several cycles of SET and switching states. The above mentioned current voltage (I-V) characterization was carried out at current compliance of I c = 1 mA which ruled out the current-filament formation in bulk β-PVDF-GO composite. The device failure can be seen in the context of inhomogeneous distribution of GO in PVDF matrix which is very common for the devices prepared by solution deposition techniques. The device commonly RESET during the scanning of E-field from high negative Efield towards zero.
To get the robust and reproducible resistive switching, first we have thoroughly investigated the microstructure and crystalline quality of various β-PVDF-GO composite thin films. Fig. 2(a) shows the large area optical image obtained from one of the optimized film grown in the same condition till the satisfactory level of average surface roughness ~ 15-20 nm.
The large uncertainties in the average surface roughness is mainly due to uneven distribution of GO in PVDF matrix. Later same film was examined for the surface morphology and possible grain distribution or GO flakes distribution in the PVDF matrix. Homogeneous β-PVDF-GO composite thin film was further investigated for the currentvoltage (I-V) response under various applied E-fields (Fig.4(a) ). These devices also show robust resistive switching with SET E-fields from 4 to 4.8 eV, however RESET E-fields lies in the range from -1 to -2.4 V. The SET and RESET E-fields were independent of the switching cycles.
For all the cases, either sweeping starts from -E to +E and back to -E or start from 0 to +E to -E and back to 0 provide similar trend of SET and RESET behavior of devices. These data indicates that composite has an envelope of SET and RESET E-fields window to switch from high to low resistance states and low to high states, respectively. the SET E-fields as shown in the Fig.5 (a-c) . However applications of negative E-fields separate/increase the diffusion length of oxygen ions and related vacancies and RESET the system to HRS (Fig.5(c) ). It may consider that the combined piezoelectric effect of β-PVDF and oxygen diffusion makes it possible to provide high resistance resistive switching in the composite; however a careful and in-depth investigation is due using monolayer of β-PVDF and GO sheets/flakes. We cannot rule out other possible mechanisms responsible for conduction in present case since a thick layer (~ 120 nm) of β-PVDF-GO composite with limited amount of inhomogeneity has been investigated.
To better understand the mechanisms involved in the conduction process, first currentvoltage (I-V) switching data were fitted for Schottky emission as shown in Fig.6 (a) in which current density can be expressed as follows: [50] 
where A is Richardon constant, φ is the Schottky barrier height, k B is Boltzmann constant, T is temperature in K, ε 0 is dielectric constant in vacuum, ε 0d is optical dielectric constant, q is charge carriers, V is applied potential, and d is the thickness of sample. The Fowler-Nordheim (F-N) and Schottky Emission (S-E) represent the interface mediated conduction in systems where as the F-N mechanism is mainly useful to explain the tunneling current and their mechanism under the Efield for ultra thin films. Equation 1 suggests that if Schottky emission is involve for interface mediated conduction mechanism in β-PVDF-GO composite than the lnJ is proportional to E 1/2 and the slopes of the linear fitting of lnJ vs. E 1/2 should provide the optical dielectric constant of β-PVDF matrix. The values of slopes (~ 0.01 to 0.1) obtained from the fitting (Fig.6 (a) ) for various regions are unrealistic as compared to the real optical dielectric constant of β-PVDF. [51] These observations ruled out the possible Schottky emission mechanism involvement in the conduction process. Fig.6 (b) shows the experimental data and their fitting with bulk limited
Poole-Frenkel (P-F) mechanism. [52] The physical equation related to P-F mechanism is as follows:
where c is constant, E is applied E-field, and E t is the trap ionization energy. Current-voltage data for positive and negative biasing are fitted with the ln(J/E) vs E 1/2 . Similar to S-E, the values of slopes from the linear fitting of ln(J/E) vs E 1/2 should provide the optical dielectric constant. In this situation, the magnitude of slopes of the experimental data for various applied biased Efields regions provide an unrealistic values in the range of ~ 0.01 to 0.3 as compared to the real optical dielectric constant of β-PVDF. These values also ruled out the possible bulk limited P-F mechanism involvement in the conduction process. The experiment data and related Schottky emission and P-F mechanisms fitting suggest that negligible interface limited and bulk limited conduction process involved resistive switching, respectively.
To check the involvement of local (trapping and hopping) conduction process responsible for resistive switching, trap assisted space charge limited conduction (SCLC) process was utilized to fit with the experimental data. According to SCLC theory, trap free charge carriers follow the following physical equation; where current density linearly follows the applied E-field with slope value nearly 2.
[53]
where E is bias field, ε is the permittivity of sample, µ p is the mobility of charge carriers, θ is the ratio of induced free carriers to the trapped carriers. The experimental data are fitted with the logJ vs E, and the value of slopes for various biased regions are given in the Fig. 7 (a & b) . In most of the regions, slopes are either very near to 2 or greater than 2, as expected for the ideal SCLC mechanisms. Slope S2 and S8 represent the regions before and after the SET and RESET E-fields of resistive switching, respectively. Both regions may consider as the buffer energy region for accumulation and depletion of charge carriers before abrupt change in current. (4) where N c is the effective density of states in conduction band, k B is Boltzmann constant, N e is the density of electrons, and T f is the temperature parameter related to trap distribution. The 
